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Does exogenously adding heparanase accelerate

bone healing?
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In the March, August, and September issues of the Journal of
the Chinese Medical Association, the term of “heparanase”
seems to attract our eye to revisit this molecule.'* As shown
by editorial comments by Wang and Chen® addressing the
osteogenesis process, the role of heparanase 1 seemed to be
opposite, because some studies favored the enhanced osteo-
genesis, but some studies found the inhibition of heparanase
during osteogenesis. The study from Chiu and colleagues’ tried
to evaluate the possible cause to induce the aforementioned
conflicted data, and the authors found that low-dose hepara-
nase can accelerate the bone remodeling, but high dose of hep-
aranase may block the remodeling process. Although editors
(Drs. Wang and Chen®) have commented that the optimal dos-
age, route, and application period are very important, because
all are critical to avoid overdose-related adverse events, they
highlighted that the dosage of heparanase might be the para-
mount and important key factor on osteogenesis.> Does any
evidence support the above-mentioned hypothesis? In fact, it is
still undetermined what is “appropriate dosage” or “appropri-
ate amount” of heparanase good for the osteogenesis process.
In addition, when the above-mentioned dosage of heparanase
should be appeared in the “appropriate” period? To study the
dynamic, continuous, and overlapped processes, healing or
repair as the best example, characterized by inflammation, pro-
liferation, and remodeling triple phases,*’ should face the big-
gest challenge, because it is hard to use “one point” to explain
the entire process. Therefore, the current study is worthy of
further evaluation and discussion.

Heparanase, produced as an inactive precursor prohepara-
nase (65kDa), is the sole endo-B-glucuronidase that cleaves
heparin sulfate (HS) polysaccharide chains (glycosamino-
glycan) in heparin sulfate proteoglycans (HSPGs) into small
fragments.® Therefore, heparanase regulates the function of
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HS and is implicates in the crosstalk between cells and their
microenvironment.® As a subsequence, heparanase contributes
to tissue morphogenesis, differentiation, and homeostasis.®
Although heparanase has the well-known straightforward
function to loosen the extracellular matrix (ECM) and break-
down the base membrane (BM), the role of heparanase is
much more complicated, either mediated by enzymatically
active form or via inactive form.® Heparanase not only pro-
motes signal transduction, such as protein kinase B (Akt),
signal transducer and activator of transcription (STAT), ster-
oid receptor coactivator (Src), extracellular signal-regulated
kinase (Erk), insulin-like growth factor, and epidermal growth
factor receptor (EGFR) signaling, but also regulates the
transcription of proangiogenic, such as vascular endothelial
growth factor (VEGF)-A or C, cyclooxygenase-2 (COX-2),
matrix metalloproteinases 9 (MMP-9); prothrombotic (ie, tis-
sue factor); proinflammatory, including tumor necrosis fac-
tor o (TNF-a), interleukin 1 (IL-1), and interleukin 6 (IL-6);
profibrotic, such as tumor growth factor § (TGF-B); mitogenic
(ie, hepatocyte growth factor [HGF]); osteolytic (receptor
activator of nuclear factor x-B ligand [RANKLY]); osteoblas-
tic, including basic fibroblast growth factor-2 (bFGF-2), bone
morphogenetic proteins (BMPs), and Wnt; and other genes,
and all suggest that heparanase has extended much beyond
tissue invasion and expanded its functional repertoire and
mode of action, and furthermore, heparanase has shown the
significant but dynamical impacts on multiple cellular pro-
cesses and biological activities.*” Heparanase may have a dual
function. Therefore, there is no doubt that the diverse results
from the different studies for the evaluation of the bone heal-
ing process can be found.!3

Second, it is also well known that heparanase is critically
required for activation and function of macrophages® that
play an essential constituent of the microenvironment that
may enhance or interrupt the repairing or healing process
after attacks of trauma or injury. Besides macrophages, other
immune cells, endothelial cells, and hematological cells, such
as platelets in the microenvironment, are also modulated either
by enzymatic or nonenzymatic activity of heparanase, suggest-
ing that heparanase is also involved in inflammatory/hemosta-
sis at the initial phase of healing process. Without the presence
of more much solid data, it is still challenged when the low
dose of heparanase could be applied to accelerate the bone
healing process.

Third, in an in vitro study, an exogenous use of heparanase
can induce osteogenic differentiation of cultured MC3T3 E1
osteoblastic cells, and in addition, a long-term heparanase
treatment to disrupt cell surface HSPGs expression can increase
osteogenic differentiation of the human mesenchymal stem
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cells via increasing BMP and Wnt activity.® Furthermore, in a
transgenic mice overexpressing human heparanase model, these
transgenic mice displayed the increased trabecular bone mass
and increased bone formation rate.”!® All suggest that hepara-
nase might play a positive role during the osteogenesis process.
However, much evidence supports that the role of heparanase
might work as a “bad guy,” because its overexpression often
occurs in multiple pathological processes, such as aggressive
behavior and worse prognosis in cancer, and purulent inflam-
mation, kidney dysfunction, and atherosclerosis formation.®”!!
Therefore, the role of heparanase in the bone healing process
is still controversial. For example, studies have shown that
heparanase significantly inhibited osteoblast differentiation
and mineralization and reduced bone formation in vivo, and
additionally, shifted the differentiation potential of osteoblast
progenitors from osteoblastogenesis to adipogenesis.'? It is
interesting to find that the heparanase knockout (KO) mice
were fertile, exhibited a normal life span, and did not have
apparent pathological changes, although the significant altera-
tions in the expression level of MMP family members, primar-
ily a marked elevation of MMP-2 and MMP-14, have been
found,'*!* suggesting that the use of heparanase as a target for
drug development is promising, similar to many enzymes play-
ing the modulation role in both normal and pathological pro-
cesses,'> because KO expression of heparanase will be viable,
and of the most importance, KO expression of heparanase is
absent of significant abnormalities.'

Fourth, another form of heparanase should be considered in
the discussion about the role of heparanase. For example, hep-
aranase 2 has been cloned and identified in 2000, which consisted
of 2353 base pairs encoding a protein of 592 amino acids (aa),
and could be secreted, likely due to extra glycosylation sites.®!
Compared with conventional heparanase (often called as hep-
aranase 1), heparanase 2 is total loss of intrinsic HS-degrading
activity, contributing to absent proteolytic processing ability.*!¢
In addition, several variants due to different splicing of the hep-
aranase 2 protein transcript have also been identified, including
heparanase 2a (480 aa), and heparanase 2b (534 aa), and all
of which were totally absent of extraglycosylation sites.!* Only
heparanase 2 (also called as heparanase 2¢) retains the capacity
to bind heparin/HS and, of most importance, exhibits a much
higher affinity toward heparin/HS than heparanase. Thus, the
competing HS binding and inhibiting heparanase enzyme activ-
ity hint that the heparanase 2 family may function as a tumor
suppressor.°

Taken together, we found that the significance of heparanase
in health and disease may be underestimated, because of its dra-
matic various and complex modes of action. With continuous
advances in basic and translational study for the heparanase,
heparanase not only works on the breakdown of ECM and
BM but also is involved in the regulation and bioavailability of
growth factors, cytokines and many signal transduction path-
ways. We are looking forward to seeing more studies exploring

this field.
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